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Abstract-In 1922 A. V. Shubnikov formulated his fundamental law of crystal chemistry, heintroduced 
a new type of formulae which is denoted by us as Shubnikov’s formulae (SF), he derived 13 binary and 
65 ternary formulae and prognosed a correlation between SF probabilities n ymmetry classes and the 
occurrence of chemical compounds. In this work an SF system is obtained using Shubnikov’s law, a rare 
occurrence of crystallline compounds with SF containing a large number of indexes is associated with the 
arising of energetically nonequivalent positions for the same chemical element, increasing of quantitative 
ratios with decreasing relative occurrence frequences is stated. Shubnikov’s law enables us to estimate 
quantitative ratios in other systems, where there are multiple ratios between components. 
Prognosis of all possible chemical compounds and therefore their quantitative and qualitative 
compositions is one of the fundamental problems of chemistry and crystal chemistry. J. Dalton 
formulated this problem taking into account its quantitative aspect: if any two elements form 
several compounds, weight quantities of one of them combining with the same weight quantity of 
the other are related as prime numbers. He considered binary compounds of composition with ratio 
1: 1 as most stable ones. On the other hand, Berthollet thought that the composition of a compound 
can be changed continuously. The disccussion between Berthollet and Proust concerning the 
composition of a compound was completed after Kurnakov had determined berthollides as 
compounds of variable composition with nonstoichiometric oefficients. 
The problem of quantitative ratios of atoms in compounds was brought to life in the twentieth 
centuary on a new theoretical basis with arising crystallology. This branch of science allowed to 
formulate the concept of daltonides and berthollides [1 J and gave a new interpretation of a constant 
and variable composition. 
Shubnikov was the first one who paid attention to the problem of daltonides using the 
geometrical crystal theory in 1922, when he formulated his fundamental aw of crystal chemistry 
[2]. Unfortunately, this law met with a negative attitude from his contemporaries and that work 
of Shubnikov fell into oblivion. 
One of the formulation of the Shubnikov law, when using modern language, reads as follows: 
the numbers of atoms of different species are related to each other as multiplicities of regular point 
systems (orbits), i.e. as the inverse values of corresponding symmetry orders or point group orders. 
The second formulation: the product of point group orders of atoms by their multiplicities is a 
constant for a given crystal and is equal to its space group order: nj * S, = S,, where n,-multiplicity, 
$-order of the point group of an atom, S,--maximum order of the point group of atom. 
Shubnikov brought into correlation atom species and orbits: 2 atom species-2 orbits, 3 atom 
species-3 orbits. 
Shubnikov deduced 13 possible formulae of binary compounds as a consequence of his 
fundamental law: A,B,,A,&, A,&, 4B4,AIB6, 44, A,&, A,&, A,&, A,&, 44, 44, 
A,$ and that there can not be other formulae for binary compounds. Shubnikov deduced 65 
formulae for ternary compounds (3 atomic species). 
According to Shubnikov compounds A2 B,, A2 B, can not be binary. Compounds Mn,O,, P,05 
should be regarded as more complicated but not as binary ones. Actually as it turned out later 
three modifications of P,O, according to Shubnikov have formulae P,00202, PP,00,03 03, 
PPOOO02, i.e. they consist of several atoms P and 0 of different kind. Shubnikov estimated the 
probability of occurrence of binary formulae among various symmetry classes and assumed, that 
a small probability of formulae corresponds to a rare occurrence of chemical compounds. 
Summing up we can say that Shubnikov has introduced a new type of formulae which will be 
denoted as Shubnikov’s formulae (SF). Thirteen binary and 65 ternary SF have been derived, a 
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prognosis of a correlation between SF probabilities and the occurrence of chemical compounds has 
been made. SF is the most detailed formula of all available ones, a chemical formula is a less 
detailed one. From this point of view crystal chemistry formulae discerning coordination numbers 
or different valencies are intermediate ones. 
According to Shubnikov the coefficients in a crystal chemistry formula are integers which 
corresponds to the Dalton law. However, as we know, a crystallochemical formula satisfies the 
Berthollet rule since different atoms (as well as vacancies) can occupy the same orbit in any 
proportions; therefore the coefficient values can deviate from integers (2 - x or 1 - x etc.). Thus, 
the crystallology removes the contradiction between Dalton’s and Berthollet’s ideas bringing them 
together in a unity. 
The goal of this work is using Shubnikov’s law and its applications to a further prognosis of 
the quantitative compositions of chemical compounds. Let us denote chemical compounds 
consisting of two, three elements, binary, ternary etc. The formula of such binary and ternary 
chemical compounds is getting more complicated if we discern atoms occupying different orbits. 
For instance, a complicated formula with the multiplicity coefficients A.,& B4 B6 B6 corresponds to 
MgNi,, a chemical compound of composition AB, . This is a formula with unreduced coefficients. 
A reduced formula SF is obtained after reducing the coefficients A2 A2 B2 B3 B3. It consists of two 
partial formulae (sf) corresponding to one chemical element (A*&) and the other one (B,B, B,). 
Since we are interested in quantitative (but not in qualitative) relations let us represent he reduced 
SF as a ratio of indexes (2 : 2) : (2 : 3 : 3). Let us simplify SF while uniting the same numbers, retaining 
colons between sf and leaving out parentheses. A reduced SF is &:23* and consists of two sf & 
and 23*. The numbers in this formulae are reduced multiplicities (n) and their coefficients (k) 
indicate to the number of repetition of the same multiplicity (nk). 
We can write the binary formulae of chemical compounds derived by Shubnikov as 1: 1, 1: 2, 
1:3,1:4,1:6,1:8,1:12,1:16,1:24,1:48,2:3,3:4,3:8andtheternaryonesas1:1:1,1:1:2,1:2:2, 
1: 2 : 3 . . . . In all this SF I, 2, 3, 4, 6, 8, 12, 16, 24, 48 correspond to sf of individual chemical 
elements. In more complicated cases when one chemical element is distributed over several orbits, 
one of the corresponding SF transforms into sf: l,, 12, 13, 14, 16, 18, 1.12, 1.16, 1.24, 1.48, 23, 
34,38, l,, 122, 122, 123.. . . For instance SF 1: 1 corresponds to sf l2 for a-Np, /I-Np, C (graphite), 
a-NZ, SF 1: 3 to sf 13 for /I-W, &C, SF 2: 3 to sf 23 for /I-Mn. If ternary Shubnikov formulae 
65 SF correspond to binary compounds, they are written as 1: I,, 1 2 : 2, 1: 12, 1: 2,, 12 : 2, 1: 23 . . . . 
For instance, SF 1: 23 describes a compound CaCu,. 
Has Shubnikov derived all sf and SF? Apparently not all. How can be obtained a complete 
system of SF and sf? 
Solving this problem is one more application of Shubnikov’s law. The introduced principal 
statement is very simple: the multiplicity sums in sf and SF form a natural series of numbers. The 
multiplicity sum in sf is Zj = Cn,kj, where nj are reduced multiplicities for a certain Aj, and k,-their 
coefficients. For instance, for MgNiz with reduced SF 2,:232 Z,, = 2 x 2 = 4, ZNi = 2 + 3 x 2 = 8. 
The multiplicity sum in SF is EZj. For MgNi, Z,, + Z,i = 4 + 8 = 12. Now we can give new 
formulation to our statements: 2, and EZ, form a series of natural numbers. All sf for Zj = l-8 
are listed in Table 1. For Zj > 8 only substantiated and Shubnikov sf are given. The Shubnikov’s 
ones are marked. One can easily see that many other sf are left out. However if 13 SF correspond 
to only one element (but not to two ones), and 65 SF to one and two (but not to three), the number 
of Shubnikov sf in Table 1 is increased. 
The way of sf-system forming is easily seen from Table 1. The multiplicities nj = 1, 2, 3, 4, 6, 
8, 12, 16, 24, 48 form series 1, , 2,) 3, . . . , which are further combined with pair and more 
complicated multiplicity combinations. Series with 1, are in the vertical columns of Table 1. The 
number of formulae in series Pi rapidly increases with increasing Zj. All series terms are part of 
artithmetic series, for example columns (vertical series) l(l), 12, 19, l,, ls, . . . , and others. Thus, 
in this new application a system of sf is organized in a system of homologue series. 
How these infinite series of sf are substantiated in nature? Shubnikov proposed to determine the 
existence probability of certain chemica1 compounds as the probability of SF occurrence in the 
symmetry classes. One can readily do this if sf is the only one multiplicity of one orbit, but if not? 
What limitations exist? Before one tries to answer this question, one must analyse some X-ray 
structure data to which Shubnikov draws our attention. Therefore let us mark in Table 1 sf 
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Table 1. Theoretically plausible and substantiated Shubnikov formulae (sf) 
2, p, sf 
1 , 
: : 
3 3 
4 5 
5 6 
6 10 
I 12 
8 18 
9 23 
IO 30 
11 
.I 
If 
14 
1s 
16 
(1) 
(29 13 
(3, 13, 12) 
(4, I,, 1,2, 22, 13) 
Cl,, 1x2, 1q, 1,3, 2% 14) 
(6. 16, L2, l,2,, l,3. 12% 124. 2,. ?, 2.4) 
Cl,), l,2, U,2,1, l,3, 1,239 134, U2,, 13~9 124 &3, 3% 14 
WA [l,21, (l,2,), l,3, 1,239 l,4, (112~ 1,3,, 1,24), 1223, 1% CM 2,. 2%. 4, 224, 26) 
(19, l,6, l2,, 123,. 1%. 12~4, 1% 3,X W, 18, 1,2,1. 234 
(25, 242, W, Il,o, l,2,, 1.3,. 122,. 1242, 1,224, 1,267 133, 1% 14, WI, 4 18 
38, 3+, 146, 128, [12,, I,,, 1,2,,124,, v,, 1,3,, us] 
02, I,,, 1225, 3,6, 1236, 2,s 2242, 6, 1,2,, 4,. 12242, 1,259 1632) 138, 48, 12,329 WI 
(I&), 346, 148, 23% [1.12, 2,36, 12,, 13,, 12,4,, 13,6, 14,. 12461 
$& 1,. 12, 6% 2.12, P,3,, 2,423 2,, 1,259 124. l,,, l,2,4,, 12236, 24,. 2621 
(36,). 168, 34% P.12, I,,, 123,6, 12,4,, l24,, 12,, 124, 3,6, 123,] 
16, (l,2,, l,3,, l,,, 4621, 13.12, 81, 4.12, [13,6, 2262, l,2,4,, 4281 
Nofolions: In parentheses-sf in 546 ST; in brackets-sf in ST of nonshubnikov compositions; bold-sf 
corresponding to 78 Shubnikov SF. 
corresponding to 13 chemical compositions 1: 1, 1: 2, 1: 3, 1: 4, 1: 6, 1: 8, 1: 12, 1: 16, 1: 24, 1: 48, 
2: 3, 3 : 4, 3 : 8, for which X-ray data were reported. To make a satisfactory sampling we selected 
in Ref. [3] 1144 structure types (ST) of 127 compositions m :n; among them 546 ST had chemical 
compositions corresponding to 13 binary SF. For all 546 ST 143 reduced SF, containing 74 sf were 
composed; sf for this ST are given in Table 1 in parentheses. 
SF for all crystalline chemical compounds and their ST can be obtained theoretically by 
combining the sf belonging to one or different rows of Table 1. For chemical composition 
m:n=1:1itwillbetherowswithZjIand1,2and2,3and3,4and4,6and6...,for1:2with 
Zjl and2,2and4,3and6,4andS . . . . for 1:3 with Zj 1 and 3, 2 and 6, 3 and 9,. . . etc. For 
compositions other than 78 SF are composed analogously. For instance, SF of composition 2:5, 
3 : 5 from sf with Zj 2 and 5 and other multiple numbers (4 and 10, 6 and 15 etc.) and 3 and 5 
(6 and 10, 9 and 15) etc. respectively. Actually, SF with m :n = 1: 5, 2 : 5, 3 : 5,4: 5, 1: 7, 2: 7 . . . and 
their multiplies are composed from sf listed in Table 1. For instance, 1: 14 (AuBe,, a-UF,), 1: 23 
(CaCu,), 1: 12, (p-UF,), 1: 132, 1,: 1,4, (PC&), 13: 136 (Co2AlS), 2: 1,2 (W,B,, a-Pz05), 2: 12, 
(Mo,B,, /I-P,O,), 1 2: 23 (N,O,), 13 : 133 (y-P,05) etc. New sf for chemical compounds of 
nonshubnikov compositions are put in square brackets (Table 1). The real ST (in brackets) 
corresponds to the following conditions: Zi, nj for at least one of the atoms tends to be a small 
integer. To confirm this conclusion we compared Z; and n; (smaller), Z;l (larger), CZj with the 
occurrence of 546 ST and 13 SF in the symmetry classes. The results are given in Fig. 1. Actually 
the predominant number of ST has Z; = 1, 2, 3, 4, the occurrence of ST sharply decreasing with 
increasing Zi. The same is observed for strict binary 13 SF, but in this case the series is rapidly 
cut off, the latter is associated with the formation of certain groups in SF which results in more 
complicated sf. The occurrence dependence on Z,f’ and ZZ, is different. The distribution has several 
maxima and minima and the occurrence area is broadened to ZJ’ = 6. The occurrence dependence 
of 546 ST and 13 SF on the minimum n; value is given in Fig. 1. The occurrence area is limited 
by the reduced values of n; = 1, 2, 3, all the values getting on n( = 1. 
Let us analyze (Table 2) the relative occurrence frequency of 13 SF in symmetry classes (I), m : n 
in 1144 ST (2), sf and SF in 546 ST (3,4), The occurrence probabilities of 13 SF in symmetry classes 
were considered by Shubnikov for his 13 formulae [2]. His results are listed in the first row of Table 2. 
In three following rows there are our results for all 1144 binary ST from Ref. [3], and sf and SF 
for 546 ST of 13 compositions m :n. 
For the occurrence frequency Z, > 40 a fairly good agreement between Shubnikov and observed 
values is observed. 
Formulae with numbers 1, 2, 3, 4 occur most often, which corresponds to the generalized law 
of small primes [4]. The whole formula variety is confined to a region of O-10. A rare occurrence 
of crystalline compounds with SF containing a large number of indexes might be associated with 
the arising of energetically nonequivalent positions for the same chemical elements in the solid 
(molecule). Additionally, it means, that such a crystal (molecule) must be unstable at 0°K or high 
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Fig. 1. (a), (c)-occurrence of structure type; (b), (d)-occurrence of 13 SF in symmetry classes. 
Table 2. Relative formula oc~urrencc in structure types and symmetry classes 
Occurrence (I,) 
Formula 
type 100-80 80-60 60-40 40-20 2&10 K&O 
1 13SF l:l, I:2 1:4 1:3, 1:6, 2:3 1:12, 1:8, 3:4 I:24 3:8, 1:16, I:48 
2 m:n in ST I:2 I:1 2:3, I:3 3:4, 2:s. 1:4 3:s. 1:6, 4:s 
3 sf in ST 1 - 1,. 2 I,. 12 1,. 3, 2, fi 
4 SF in ST 1:2, I:1 1: 1, l:l, a b e 
Numberofjbrmuloe:a--7(1:12, 1 :I 2 f. I 4, 1 :l 2:12, 1:3, l,:l,, 1,:2); b--10(1:1,, l,:IZ, 1,:2,, 1:2,, l,:l,, 
1:4, l,:l,, 1:1,2, 2:3); c-117; d-66; e-122. 
pressures because of decreasing entropy of a crystal to 0 (the third law of thermodynamics). 
Shubnikov formulae with large number of indexes are characteristic for the substances formed at 
relatively high temperatures and low pressure. Crystals of high symmetry might also be expected 
at high temperatures and high pressures [5]. 
Thus, the variety of quantitative ratios increases with decreasing relative occurrence frequences, 
the probability of all feasible compositions being decreased simultaneously. This is one more 
application of the Shubnikov law. 
Shubnikov’s law can be considered as fundamental one. Its applications enable us to estimate 
quantitative ratios in the system of crystalline chemical compounds. Such ratios might also exist 
in other system where there are multiple ratios between the components. 
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